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Lezione 19 
Il sistema immunitario 
regionale 



The mucosal immune system protects the internai 
surf aces of the body 

- The mucosal immune system (MALT) 
Gì tract (GALT) 

Respiratory tract (BALT - NALT) 
Urogenital tract 

exocrine glands associated with these organs 
(Le. mammary glands) 



Worldwide deaths annually from mucosal infections 


c 

Acute respiratory infections (4 million) 


1 million 2 million 3 million 4 million 




Diarrheal diseases (2.2 million) 
HIV/AIDS (2 million) 
Tuberculosis (1 .5 million) 
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Measles (400,000) 


ZI 


Whooping cough (294,000) 


■ 


HepatitisB (103,000*) 




Roundworm and hookworm (6,000) 





These include infections that enter via mucosal surfaces but 
manifest disease in non-mucosal organs. In fact, almost ali 
infections enter via mucosal surfaces 



The regional immune system includes 



• The mucosal immune system (MALT) 

• The coutaneous (skin) immune system 



Mucosal Tissues 



Mucosal tissues of the human body 




tract 



Some (most) of these surfaces are constantly exposed to bacteria 
and other organisms; some of these organisms are normal flora, some 
are pathogens and some are neither normal flora nor pathogens 



Mucosal tissues contain different commensal flora 




I I Firmicutes Q Bacteroidetes | Actinobacteria O Proteobacteria | Other phyla 
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Distinctive features of the mucosal immune system 


Anatomical features 


Intimate interactions between mucosal epithelia and lymphoid tissues 


Discrete compartments of diffuse lymphoid tissue and more organized 
structures such as Peyer's patches, isolated lymphoid follicles, and tonsils 


Specialized antigen-uptake mechanisms, e.g. M cells in 
Peyer's patches, adenoids, and tonsils 


Effector mechanisms 


Activated/memory T cells predominate even in the absence of inf ection 


Multiple activated 'naturai' effector/regulatory T cells present 


Secretory IgA antibodies 


Presence of distinctive microbiota 


Immunoregulatory 
environment 


Active downregulation of immune responses (e.g. to food and other 
innocuous antigens) predominates 


Inhibitory macrophages and tolerance-inducing dendritic cells 







The tonsils and adenoids form a ring of 






lymphoid tissues, Waldeyer's ring, around the 






entrance of the gut and airway 
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Caratteristiche istologiche dei 
tessuti mucosi 



11 Epitelio 

10 Lamina propria 

7 Sottomucosa 



4,5,6 

Muscolatura 




Because numerous 
lymphocytes and other cells 
of the immune system are 
found in association with 
the gut epithelial cells and 
in the lamina propria, the 
intestine general ly appears 
as if it is manif esting an 
inf lammatory response. 
However, this is normal and 
not inflamed: physiologic 
inflammation 



Intestinal lymphocytes are found in organized tissues where il 
responses are induced, and scattered throughout the intestine, 
where they carry out effector functions 



Scattered lymphoid cells 



Organized lymphoid tissues 



Intestinal lumen 
lamina propria lymphocyte 

itraepithelial lymphocyte 




isolated 
lymphoid 
follicle 



mesenteric lymph node 



Organized lymphoid tissues of the gut are called gut-associate 
lymphoid tissue (&ALT) 



Barriere fisiche 



Nel tratto Gl = strato 
singolo di cellule epiteliali 
unite da tight junctions 



Cellule epiteliali ricoperte da strato di 
glicoproteine (glicocalice) con carica negativa : 
impedisce il passaggio di patogeni 



Muco spessore fino a 700 \im 
Glicocalice, spessore fino a 500 nM 



Componenti umorali della 
risposta innata nel GALT 



Il muco è costituito da: 

>95% acqua 

~ 1% proteine libere 

~ 1% Sali 

~ 1% mucina 

Mucina = 70-80% carboidrati legati ad uno 
scheletro proteico 
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La produzione di muco è stimolata da: 

• Agenti chimici 

• Immuno-complessi (batteri, virus, parassiti) 

• Liberazione locale di istamina e/o citochine 



Muco = 1) barriera fisica 

2) intrappola patogeni 

3) la mucina si lega all'Fc delle IgA, 
trattenendole nel muco 



Il muco poi contiene: 

• Lisozima -> idrolizza i peptidoglicani della parete 
batterica 

• Perossidasi generano prodotti reattivi deir0 2 e 
H 2 0 2 , dannosi per i patogeni 

• Lattoferrina compete con i batteri per il legame 
con Fe ++ . Ha proprietà antimicrobiche 

• Peptidi antimicrobici -> 30-40 aa, uccidono batteri, 
virus, funghi. Si inseriscono nelle membrane, le 
alterano -> lisi osmotica 



Una classe di peptidi antimicrobici è chiamata 
"defensine" 



Sono prodotte dai 
PMN, cellule di 
Paneth, cellule 
epiteliali del colon 



Defensine a, p, 6 

Le a-defensine del Gl 
sono dette "criptidine" 



M cells are special ized epithelial cells that overlay the Peyer's patches. 
The M cells are exposed to the intestinal lumen. 

They do not have microvilli and are not covered with mucus 

They are involved in antigen uptake into the Peyer's patch 



Peyer's patches are covered by an epithelial layer containing specialized 
cells called M cells, which have characteristic membrane ruffles 




Cupola 



M celi can take up material from the gut and transport it into the Payer's 
patch. 

There, it can be taken up by dendritic cells and other cells of the immune 
system 



M cells take up antigen 
by endocytosis 
and phagocytosis 



Antigen is transported 
across the M cells in 

vesicles and released 
at the basai surface 




Antigen is bound by 
dendritic cells, which 
activate T cells 



Dendritic cells can use different strategies to capture the antigen from the 
the epithelial celi layer 



• # % M celi ' 



Nonspecific 
transport 
across epithelium 



enterocyte. 
dendritic celi 




FcRn-dependent 
transport 



IMA 



IAAAAAAAA 






Antigen 






capture 




IMA 


ffl 


f 
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Cells primed in the Peyer's patches can leave via the lymphatics to 
mesenteric lymph nodes and to the bloodstream. 

However, these lymphocytes will home back to mucosal tissues. Thus, if 
activated in one part of the mucosal tissues, it will "seed" ali mucosal 



T cells enter Peyer's 
patches f rom blood 
vessels, directed by 
the homing receptors 
CCR7 and L-selectin 




T cells in the Peyer's 
patch encounter antigen 
transported across M cells 
and become activated 
by dendritic cells 



Activated T cells drain via 
mesenteric lymph nodes 

to the thoracic duct 
and return to the gut 

via the bloodstream 




Activated T celi 
expressing a 4 :p 7 integrin 
and CCR9 home to the 

lamina propria and 
intestinal epithelium of 
small intestine 



Homing is controlied by expression of adhesion molecules on the 
lymphocytes and gut endothelium and chemokines 



TSLP, thymic stromal 
lymphopoietin 
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IgA 



Può' esistere in forma monomerica nel siero o di 

E' la forma predominante nelle secrezioni siero i 
e nella saliva. 

Le IgA di secrezione proteggono le mucose dai patogeni. 
Il ruolo delle IgA sieriche monomeriche e' sconosciuto. 

Le IgA del latte materno sono trasferite nell'intestino del neonato e proteggono contro i batteri. 

Anche IgG e IgM sono presenti nel latte materno ma a livelli inferiori. 

IgA 2 Resistenti alla digestione proteolitica. 

Deboli osponine e deboli attivatrici del complemento. 

Funziona per lo più' come anticorpo neutralizzante. 



IgA molecules can form 
dimers in secretory f luids. 
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1. T-dependent 
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Transcytosis of IgA f rom the lamina propria info the lumen of the gut or into 
various ducts (e.g., salivary, mammary, lachrymal) 




Polymeric Ig 
receptor 
(receptor f or 
polymeric Igs, 
i.e., IgA and 
IgM) 



There are many IgA producing plasma cells in the tissues 
adjacent to epithelial surfaces and ducts so most of the 
secreted Ig is IgA 



Three places where IgA can neutralize antigens 



/WUUVWUWWinAAA 




C) 



IgA can export toxins 
and pathogens frani 
the lamina propria 
while being secreted 



0 



■IgA preserve the integrity of the epithelial cells sirice they do not activate C 

■IgA deficit is common in humans I 
infections (IgM can replace IgA) 




There are two types of 
intraepithelial 
lymphocytes (IEL) 

1. Conventional CD8 + CTLs 
(CD8 is the typical a:p 
heterodimer) can kill 
epithelial cells presenting 
antigenic peptides in MHC 
class I 



Stressed epithelial cells 
express non-classical MHC 
molecules (MIC-A, MIC-B). 

2. CD8 + T cells, with 
receptors for non-classical 
MHC and the less common 
oca CD8 homodimer, can kill 
these epithelial cells 




Infected celi displays 
virai peptide to CD8 
IEL via MHC class I 



AAA/IAAAAAAAAMAAA 



® $ 





Expression of the CD8a homodimer may enable a process of agonist 
selection by relatively high affinity ligands 

! 

fully differentiated and undergo further maturation in the intestine 

i 

may involve additional positive selection on nonclassical 
MHC molecules such as TL 

- Type b IEL share several other properties of cells of the innate immune 
systems 

- Ali lELs express high levels of the activating C type lectin, NK receptor 
NKG2D 

1 — >bind to MIC-A and MIC-B 

T 

expressed on intestinal epithelial cells in 
response to cellular injury and stress 

- The injured celi can be recognized and killed by the IEL 
MIC-A-dependent cytotoxic activity is enhanced in celiac disease 

IL-15 epithelial celi response to certain components of gluten 
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There are lots of 

intestinal 

pathogens 




If a gut epithelial cells is invaded 
by bacteria, it can secrete 
inf lammatory cytokines to attract 
and activate innate immunity 



Epithelial celi do not have TLRs on their 
apical surface (the side toward the 
lumen). 

However, they have TLRs in vesicles, in 
their cytoplasm and on their basai 
surface. These TLRs can bind certain 
bacterial products (f lagellin) and trigger 
release of cytokines to activate an 
inf lammatory response 



NOD intracellular sensors bind muramyl 
dipeptides in gram+ and gram- bacterial 
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Some antigens in the gut induce a protective immune 
response whereas others induce orai tolerance (the 
inability to respond) 





Protective 
immunity 


Mucosal 
tolerance 


Antigen 


Invasive 
bacteria, 
viruses, toxins 


Food proteins 


Commensal 
bacteria 


Primary Ig 
production 


Intestinal IgA 
Specifìc Ab 
present in serum 


Some locai IgA 
Low or no Ab 
in serum 


Locai IgA 
No Ab in serum 


Primary T-cell 
response 


Locai and 
systemic effector 
and memory 
T cells 


No locai effector 
T-cell response 


No locai effector 
T-cell response 


Response to 

antigen 

reexposure 


Enhanced 
(memory) 
response 


Low or no 
response 


Low or no 
mucosal or 
systemic 
response 
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Orai tolerance 

Antigens in the gut in the 
abser\ce of inf lammation 
induce system/c tolerance 


Mice are fed with ovalbumin or a 
control mixture 




0 srsp 


v 

On day 7, the mice are injected with 
ovalbumin plus adjuvant to stimulate an 
effective immune response 


T lymphocytes and IgE production 
more susceptible to orai tolerance 
than IgG production 






V 

Mice fed 


Ovalbumin 


Control 


Response to 
ovalbumin 




+++ 



Mucosal tolerance 
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- A breakdown in orai tolerance 

celiac disease : IFNy producing CD4 T celi 

inf lammation in the upper 
small intestine 



- The mechanisms of the orai tolerance 
anergy or deletion 

the generation of regulatory T celi of different 
types : Foxp3 + Treg, TH3 



- Commensal bacterial also do not provoke a systemic primary 
immune response but there is no active tolerance to these 
antigens 

I Stimulate locai IgA antibody production and 

there is active suppression of locai effector 
T celi response 

Commensal flora shape the presence of lymphoid tissue in MALT 
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